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ABSTRACT: 

PROBLEM TO BE SOLVED: To analyze the movement of an object 
fluctuating with 

fine amplitude and high frequency by providing a means detecting the 
phase ' 

smaller than reference time interval and a small probe which is easy 
to handle, 

for raising frequency of reference signal, so that the displacement 

of a test 

object is measured with high accuracy. 

SOLUTION: The time on a zero cross point of both beat signals of 
reference 

light and measuring light is found for electrically storing in a 
memory, and 

displacement amount is measured from the stored zero cross time. At 
this time, 

it is desirable that sampling signal is generated from the time 
interval of 
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clock frequency of a crystal oscillator, and that the zero cross time 
is 

decided from the proportional distribution corresponding to the beat 
signal 

strength at sampling signal generation. An optical interferometer 

part 3 is 

connected to a probe 4 with a polarization holding optical fiber 12 
and a 

multi-mode optical fiber 13, and the probe 4 is connected to an 
electric signal 

processing part with the multi-mode optical fiber 13, thus the probe 
4 part is 

made smaller and installed separated. 
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[mm 1 1 *m%tm&%mv- bm^&mm 
[«*« 2 ] mas i iEtt<^effl««iajSBfc*i 

10 

/ft-f ^i^fcttS t'- hfM^Ktf JSUrJtWE 

&ttj§£fi. < 20 

f-t- F*7 r A ^-TSBS l . 

t. 2^Wm$&t7r4 1/4 
U-if^HS*^<OtB»3KS-«5tt'-Axr'J 40 

jcjaadRt^rr&iotL. #*«*«»jfc7T<{/<- 

£#SIL-7j £ 1 /4«£fii8itt. »«30BtBiitS 

#TR*tLT<4R»3fc£i/4*5«fc3ffifi$ii\ i 



More t m%.m HtttHawfl«Tf 

i§i»*ii;t*£ffiftftai£B. 
■c, 

mussed i i»£<a»&aiiSB. 

[000 1] 

[»««iir6a»4Mf] aawfcwtaoEtt 

4 i 
[0002] 

imtcom) tea. ^^ffio^s^n^jst^ 

£ fflv vC#S*rC»&f * iS»<i« ft* *fc. 
4. 

[0003] ttiSH^ifci *n^5AT^a«±, 

^»*<3t«i^i*ifc:ta^i!i-r4 i fc t j: *,£-r 4T$*« 

*i]*7 v Y 1 4 Z t J: 0 im%M<r>m% ZWfct 4 1 
C7)TJ)4. ifl^<07:a(i ; F^J;4lgttO7t»^'(l:$r 
fUfflt 4*^. 7tSS^co^b* 5 ffiffl-t4 1/— f%<^m. 

4. H«pjftffi(±, ^Mzm-zmMmnm&tm 
5ffl^* i ??«rt4 fc mxmmLtf h 7 
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tore** . »jar^aw-s«fto^ 

J>l>. 

[0004] 3^fa/-f 2o««^ 

BfKA»3*2-3«R«3Et ; F»S*fe t'- hft-f 
&ffl£fi^k^P B MfflWt£*tf>, 

immmmtitmrnrnzhh t^o m&zii ix t » 

[0005] 

imtmmix -5 k-tsim] ^to/^ vac* 4 
Karagra s t'- h aaato6*isv k'$ 

< -t * c t -r . afttfttcNtitf & 

[0006] ^mmtt\tit><riwmimmhtzMz^ 

^mm&i-iztizj;*). *m&0>mm.t±tfx 
ism&mfez^miz i . sa$ts»£fttre* * * -5 1 

7 r A a'- fctffcS-tfS i k J: *) LTKSHJt* t 
tffo*4Tn-7*at#S:*£!fc#J£U SOg^KOft 

[0007] 
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m.commzm^x^yr>j yym*m.L. 
t- b ft^-fttf-t'o ? n* Ufciau k tt^co-t y > 

tetZidlzLXitt^. 

[ 0 0 0 8 ] $ fete, 2 ^^{itaggs 

tt, fcTOtHWfcro-T***;^ 3fe=F«l*HKk7 , n- 
rSr«»«»3t7 r 4 a'- fc v^fse- Kft 7 r -f a- 

b*mmx'ftt>tifcmftt ^m^txm^b 
■thzb^mLb-th. 

1 0 0 0 9 ] *«njfOTSsti*m££Hii. 

— ffHBSf:^ ffl*b'-AX7°'J -y^-t, BfSOSil 
J5«t-^P§ixl.^^< b 1 1 fi«0t«3t^Fi: . 

w-ir«fi«*»^<oai«3t*fl»tt*-A^7*u -y ^-t 

HirCR»L , C<&R»3t* 1/4 <r 

z-tm%m^m&-ij. mtytx-z^pfobsm* 
-rsfi^aniKSrfiits^k^iifiu^ «ss 

[0010] *«BHO«fiUB8®6BCJ:*itf . #BIBK 

*SlWfc:.X * 'J K«« L s ii^-b'n 7 vxmmz 
50 S^VvC3S{i*£»S&*4>fc*>. ftB^^^li^VI/7s 
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ht*«&B*«it< b'- hfi#cr)jfl?SSt$-©< t* 

wmbmrnvyro ym^m&fizmz t- m 
fcsa-csasut* wafts - t a { t-£ . um&t ®n 

■/ ?ffl*»W>ftb 0 K#H3feo t'- h Ai»ft»»kC L 

■ctvr y v7mzm.-th£ o tct*u*> ai*ssfi 

■ [ 0 0 1 1 ] Sfcfc. 3W#flttfcrn-:r*«««» 
#7 r 4 A-t-?m- F3t7 r -f a*-T'j£3S bfc£ 

fc*»afct*£{a*«i£a«i. 7-D-ygi5^(c{i{i 

m.xbkt&>. Ta-7tmfrx>mt,zBi$,zti. t 
btmixs&Ktits. ■ mxm.-fh 
zttfx'mm.mi.'th. 2*mm&it 

uta. &«mmw)t7T4 ^zxm^t. mm 

$m%7r4 A'-^f>tUlftSP«fc S Stern- :/» 

«I3@*k«i*i lt Btaw s rn-rarcaset k * 

7 -f ^'-•C'jSHO^iiJSSfceatS <k 3 KtfUf . r 

at* fi^aius§«iiEii^*t>««^^ «>*> 
T'j>4^*%< . ga£tt£^8^«t££fc# 

ikKMRt*. 
[00 123 

tfttm^mt'-hmcoimmzx vrnvm*.* 
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«^^TSwaat*»et*. tars 
zjiwmttimLx&h* w#<o«**4>swa*«r*aj 

t* J: 3 let* 4. «HflretW&I 

KajtSikt^CfcS. 4fc. «8£#fJLT* 
<«fiMftft7 r 4 ^{iv/H-t- K3fc7 

r -f A*-T'j»&t4 i. o Wfjfct S £ t K J: 9. MifflS 

flfWcov^T Hffl$r#B? LTttW* . 
[0013] 

[gttfli 3 an*. *^^(iJia9^somiii 
20 mm*-t7*'v?mx'hz>. uiisMt^ 

SJSffl^ffi, 2ttgc«ftNeHel/-1»'JHR». 3 lift 

Wits?. 4{irn-y. 5titil@^, 6«i-<y^- 

^c. 1 H4^y^^*-F*7r-f^-, 1 

}^3t7 r 4 A'-; 1 3 «v/H-=E- H*7 r >f 

S . 3c^tN e H e l^^HHI 2i?e>m$tlAm 

%7r4^-\ imimiX. 3t=F»tttlI3fcAStt 
i. 5t=F*IHW3li. mi«3tt'-AX7-y-y^-2 
30 1. J|U*ff%?$3N4» (AOM) 2 2. miSffl^t' 
-AXrU«x^-2 3 s miK«^24. ^2#S%^ 
^lffll§2 5. ^2iHi3tt*-AX7-'J 7^-2 6, ^2 
SStil2 7, m3itffl3tt'-AXry 7^-28, ffl^ 
«2 9» »13t«aj»3 0. IS3RIMI3 1. S4*ffl 
3feh'-^XTU 7^-32, m23t«ltiiS3 3$:fiSx'C 
OS. 

[ooi4] %rm® 3 icA*t l/c u-wm i ffl 

fh'-AX7'J 7^-2 1 -CSUfcfiSTtS P*fc 

40 'j7^-2i smarts PttUR/j^OMMK f i <o 

igjfeKc^PStet J: 3 CMWSiifcW 1 fHBte^SWS 
2 2*3B8t*ntW«3R (fo + fi). cOig^C^S.. 

i6){=JSi>ftSfig^tttjits^^Sits. ®Uf«^ 

{4m3^M3Kt*-AX7*y>y^-2 8tCAStts ttitlfc 
4Mifll*«»*7 t^<-12 CAW L7-D-74 (cfi 

[ 0 0 1 5 ] m 1 ll^t'-A^r y 7?-2 1 -CBJf L 
tismtm 1 RSt«!2 4 TR« I X% 1 ^S^SIHfs 
50 2 2 b ¥'mzmS(2tit:t$2%W%&$m% (AOM) 
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2 5&jiaLffltt& (fo + f t) (MSftlzZiX . SS2 
Mfct'-AXT-'J y?-2 6"tRttUTl»2RM«2 
7 £3£* IT!?$ 3 «»6t- A^'J 7 ? - 2 8 fciiO 

- swti. »3«ni3fct-A^ry-y^-28fc:-e<i'rih. 

Pifci: S&tifiTO 2 9 fcrtl/CT*** t . 

( f i - f 2 ) =f i<Otr-hftfc$r&. CKOt'-hft 
li. m3H*iti»3 0fcS3fc§*u 7A-7^i7*h 

[ 0 0 1 6 3 $ 1 amftt'-AXTD 7 2 3 -C-Sitt 
UTfli*fit»3t7 r 4 A- 1 2 KAM LfcH»ft ( f o 

4(CfE«S$iXl). 7'a-^4(±^2«3tt'-A^rU 7 

^-34. i/4mm3 5. m4mm3 6imx 

05. TD-7'4fcASttfcP*ai3fc«4H4JIS2fll*t* 

•y*-3 4*lKttLl/4tt*«3 5fc»i 
LtnfflBBfcfc&v, »Slig»lfciMf3fvC*£?R 
StU -»#7 , n-7*4CMoT<.i>. afittttT-a-r 

4 t&m&to i ora*ttis^4*i«i-e-omKc»B ' 

Htfl/4«^3 5£aaLPtttcg»U $ 
2«3tt*-A^ri> 7^-3 4TSBfcHilfLT84R 
1*113 6?WSH*rU "7;H"*-H3C7r-f a'- i 3 
icAM-f^. v;kf-*-K#7T-fA-i3tt»fflLT 
fifctl#*t»«^3t<03t**T* *jWSK:;Mrv> J: •p 
CLT«S***^F*IH»3fc:e«W4. 7*0-74 

mffsmnw 3 <nmtm&± yrj^-zftixmm 

lzMtR1r& z t h . i fc»S0gft fcttitrt- S J: a 
fcSi feil*a53W47 , a-7'4 ««MWf . 

«WS fcf&&K'hSigST*g*ft7u-7M#<?*U 8l 

[00 1 7 J -7;^^- Hit 7 r 4 A*- 1 3 £gi LT 
. B!o-C#fcaja6J4IB4*l«3tt*-^rU-y5'-3 2 

t\ m3mm3 lz-mLXAMt&mmn ( f o+ 

6. JB23HfttB»3 3li£»e-h**S3KLr^9y 

fc 5 ciwts . a*e«*i» 1 

77 y 7?- 2 ix-^m^tixm^tzrxnm^tifi^ 

H^*^JaW:ra-74 fcSSlJgffi 1 Ocoafgft 

ix bsmffltffci h^fzubzixhmm o aw 
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[ooi8] uMtss a, mm^tmm^ztti? 
n-i-mm^mtxmmi. mmmnzm? 
itmz, 4>i;r-9 6£mLx&mmwim 

fclHRT* ft#M«@B7J;i#ft#tf)ft 

O^tttfj,. WtfrWl* 7"'jy^ttJ7J, GPIBjg£ 
10 aj7J=flr^t.tTa37Jl--6. T4*7V-8liLCD*|* 

[0019] @2{4, fi-t«ffliaffi7<orta5flij«s-»iN8 

fc^t^Q'^HT**. H+, 7 1«^D7^fi#% 

£®s&, 7 2\&r>Tvv?m%&m, i3\m\ 

fifltttiQIflK 7 6{43S2<0**y. 7 7li{4ffiH^ti5lHl 

7 8i«aft**aiEiBr*>ft. ?0 7?ft-tf&£in 

'ft 7 1 J4* fldHBH^Sje Lfc«MK»^v >T ^ * 'J & 

it, mkmm<nv-YW&zmm*zMix*r>? 
[0020] mimsmtamm7 3ii. m^sx-mm 
x¥5S9M&nzxik t . m i > * y 7 4 (cioaiwt . 

SI 2 fiffltf? £tSBIK 7 5 , 4HH» 5 TflMS *ife«Jje« 

30 -tyryy^^ft^c^^^yT 

y y LTr ^iWl*3Hi U*2.X*'J76C 

joewrri.. fiffln^aiiiiss7 7{i, mi^ ; ey74i:^ 

2^ty 7 6(ctSlrt$a7t#ffl*^fi-t* { -b*D^nxL 

feassft-f ommzman- 1 . ^»*»ai[iiS87 s 
a. tt«ii«aj0»7 7^ajufcfiaaii^^«siffift 
<oswa»*j(aiLT. saajis«*^-6LCD«iias* 

[ 0 0 2 1 ] H3UL *iifl^i:a3^fi-^c7)Hc7){affl|& 
WW4#HHl#«fcO'C. 3$^{4t'- hUttRf rem 

mz^it i , B#ras<b<offiffl(iT^ l^c 2 oo^ofi 
o &tii&t tx i ig^tc d to-r-itifffiim i , ai^ft 

# ««J 1 1 jS^it LT d 1 1 ^otiiD-f 4 . M#OH 
( d t o - d 1 1 ) tfffiffiH A 0 tffl i LttHiab^Effi 

«ALCJt0IJ-rS. 
[0022] 
50 A0=2w (dto-dti ) /dto 
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tit* %tf*L&mt&ztfrt>m%z*tix. 

AL=2» (dto-dti)/dtoXA/4^ 
= (dto-dti) /dtoXA/2 

xiiLm^^&mmt h . nt-o xm%<r>*. a ? ax 

[0023] ;ct)J: 33tf^li#jR3lW>JSI*S 

ivximMrM&z.tfftcwx'. ■a&k.fottimm. 
m^&r&mt zttfxz , im%.x%m-&tt%.<r> 

[ 0 0 2 4 ] 04 ML *»"!Bfc:tJtt4*JBKSl<0*i6& 

-Ym^ZVV7)VLX71-u?T : i'9iVgjSkL* : Z i ) 
<mX'h->K.l><r)tf. 1 l#@T(i!EO»^L^. 30 

^x-fyy'jy^Mioti lorac-tfo^nxjs 

-£'£> 4 If 'J V*TBIH A S j&WS V Wt'-I OHS: 
[0 0 2 5] H5Ji. 4£n7oABflflfc*ftfcllfSI&e 

ofcu tt? a x-thWMvy-yTvy sb 

sk&4. •vyrvyftifnsiztift&ffl&m&At 
?y7vy?&Tns+&st l z}iV&®&i£iBb? 40 

So = S+ (A/ (A+B) ) AS 

x-r 4 frmof - ^jawi^sfis-cfc* . * * y c 

al&t 4 T- ? t -t'O ? DXttl(0 t <0 fcHo T t> & 

fc*>, JfiU>. $m.m j %miijEmx't>ixm. 
&t&tzfr<v*v<vu<jummz$m<?>*$MX'$)& 50 
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*wi*<. mmim&%i><?>x'+ftxhi. & 

izX^^Xhh. 

[0026] 06te, H2fc*LfcfcJM<Offi»^f*l 
aES870|*lgH«^S:i^ffltSrfyn.^iaT**S. H 

TJ>4. B6<K 8 1 liftffl MfcaMfc, 8 2tt**y 
ffi«R»iH2i:«IB«r»L<'t4«0-C» Pit 

pvm^zmLxmmmiK. twvmm. 

f *. vyTvy?'mmLm7 2i*?v-v?m^fr 
t>. mmmnv-vw&i+ryrvyf'thvyT 
»yftmm-kmL-rz>. mmm\mm3\t. 

*;Hi^fcS3*U SS2{4ffll*iBI§IB7 5U;. ss£<i# 
fflll£$ftLT^&S£^y 8 2tJDtffrf4. SSS 

?frhwm%M(v%®.&zn.i)iLx. ^m*m.-th 
d#$ra37j-t4. z.<?>mmm&tziix&. wmm 
£mmizm%mimiRt&z\btfX'Z 

4. 

[0027] 

[HM5M2] H7U, *%BflOlSe*ai^S^2«0 

Tu--7mmM.>bmtixwi>om^£ osjmcu 
i a k Uc i <o-c* * . * . aij^ffl** k r o-y 

[0028] i<0fc«>, 1 Wlfl*03t=Fil»fMK3 k7" 
o-y4fS. *K»W-CI4Jtl3IB9trn-yi Otft 

3K7T>fA-l4k 1 5tm&$^Tfc'9, 

0 ktMiH[l]SS5 tft«-r43K«iaj»3 0 k 3 3<W:V 



7/25/06, EAST Version: 2.0.3.0 



(7) 

1 1 

/H-*- Kjfc7 7 4 A'- 1 6 k 1 7-ca»§*lTV^i. 

wc , &w%.mztt&iT a ic<a«**»£8sw* 
ika^rtgcsr*. ttc, Tn-7ftcD%&mi$>'j>-m 
mmzfsm i^tz^+^mx-m 

%=FmtU 3 co-g?k 4 k «s-ft Uztzth. 

mm t'-j>m±m&ft¥®®tf%FFm<t tx n 

f- A XT 'J -y ? - 3 4 1 im 1 CO 1 / 4 ifcfUS 3 5*« 
&3t$tfi^6k£KSjl2m/4ifcK«5 1 imWi 

<5 2t>mmz j thtix^&. ttz, *ti?ti<7)%?T4 
^-vm&mzitia vx—hu >X4 1 &t> 4 8 t>m 
^btix^i. 

[0 0 2 9] &T. W.2mm\<<z^xmi ZmXX 

mm*, tea. mix-\±. mi mmmL< tsas 

£ftN e H e U-if^ll§l2*>^%»$ilit^^f 

M9CAitUck-if3t(±mni7tt'-^xry -y? 
-2 1 t-Pi&k smcr>mmtf<.fti l zftf&ztiz>. ini; 

t'-AX7'J 7^-2 1 £jSii-f ■?> Pi&fiStS 1 WSft^ 
SPS 2 2 £iiW!>rafcjgi£I& ( f o + f i ) cofiiftK 

ftu,):3£LTTo-7lO£fz;ji£*l!>. SfSHIftt' 
U >y 9- 2 1 T"®#r Lfc S'Mm 1 KSttt 2 4 

xm ixm2%w%¥%m%2 5 ( f 

o+fz) «t5nT. *SU>X4 2T-^3C0« 30 
«ft3fc7 7^A-i 5c03T£mft£*iTu-7l OK 
gii£ftl>. 3l2tt&ftft7 7^A-14k!il3fii$ 
®m±7T-i><.-\ 5teM<xm%ti:tzi!h. 7-0-7*1 
0 cOfirfigfWift « 9 CSijift £S V V 
[00 30] To-71 0£A8tU:P$kSi£(;L ^ 
tl?tl 3 'J ^ - h U y X4 3 k 4 4 tl 

h. mm^L ( fo + f 1 ) c7)p«iim*s«3fct-AX7- 

'J **-2 3T'fiiI^l6]^®»f't§^i:Ejl-tS«^ 
fcfl* t , fflPffiJc^tim 3 isfiift f- A X7"'J 7 — 2 
8 KAIt L , Mj&jmgi 2 ffift t"-AX7 'J >y ? — 3 40 
4£ASW*. iS^SSC (fo+f 2) cOS«<2Sf52«ift 
h'-A7.T'J -y ^-2 6T'RWLTm2S'ttil2 7 
EfeLTSf53«fct'-AX7-',l <y?-2 8fc*trJS#fc 
■jtLT^4iEli3th'-AX7U •y?-3 2£A§WS 
^fctC^il?.. m3il(i3fet'-Axr'J-y^-2 8 

izttiz'tixm-h pw.t smmmL29 zirix^- 
»i, ffi&cr>m&£izm^x&i£z>®.mGt?>m 

jfefSCf B= ( fl-f 2 ) CO#!$fflc7)t'-hftkfr£. ^ 

^-H3t7r-fA-16^fe*SLT«A^JScW^il. 50 
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yX4 7 T'-^tTTt^ tn~>XWi 1 3t^iH?s 3 

2tcAStL. zzx-ftwmLxmmmzKh. 

[003 1 ] ^21i7Kt'-AX7'y-y^-3 4HAStL 

^isis ( f o+ f i ) <o?m.Wi. a:jtLT^2«3t 

h"-AX7" "J 7?-34 fcttSSftfcS 1 CO 1 /4fcft 
«3 5£S$U SfflJgfclKttStSfi*. W^ftl 
•C'RStUTrn-71 OtSoT&fcJKtt, IStf!f51<7) 
l/4«5«3 5fc^L*SES»fc3E»U SP52fi|ft 
t'-AXr 'Jv^-34 JJ5rfcJB*f "t* . w Z 

.x-mmiKsmi. m2m%t-j*z7v vtsuz 

f^S*lTV**Si2<01/4«fi«5l£»jaU Rlt 
85 2X'%.%LXW8.m2cr)l/4mM5 1 

u s^p»t*ifc», ^stim2«t'-AX7°y 

■y^-3 4fcT*teatLTfS4SSfll3tf-^r'J -y 
?-3 2£ASft&. »4fcfl3th'-AX7y -y^-3 
2T\ ^2*«3th'-Axry-y^-2 6*^AIttS 
(f o+f 2) cOS^t-^»L. ««5 3S:SS 
IX . Tu-7 1 0 k M^ft 1 HcOEil^ft^^Ojt 

k^hic*^< {affi£3rt-?>jgi£ifc f b coaisfflco t- 

3v;Pf-t-K3t7r^ a'-i 7kny^-hUyX4 
8*«*LT«2*Siaj»3 3tA«L. 
*LTaK<i#{c«r&. JUfi»5Jai»<0««flW:liB8a" 

h . fi^Mamss 7 (±#ft^co(4ffl^tij t mmtmz i 
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